Abstract The influence of friend substance use on the association between pubertal timing and substance use has received little consideration in the literature. With a sample of 264 female adolescents (11-17 years), this study examined (a) the relationship between pubertal timing and substance use, (b) the impact of number of friends that smoke cigarettes on adolescents' use of three substances (cigarettes, alcohol, and marijuana), and (c) the interactions between pubertal timing and friends' smoking in predicting individual substance use. Results showed a significant relationship between pubertal timing and alcohol use; later timing was related to more alcohol use. This association between late timing and alcohol use is contrary to previous literature and may be due to the broad age range of this sample. Pubertal timing may have less of an effect in late adolescence when drinking becomes more normative and less deviant; the rationale for this association is discussed. Second, this study found females who reported that more of their friends smoke regularly (at least once a week) used significantly more cigarettes, alcohol, and marijuana than those who reported no friends who smoke. Finally, the interaction between pubertal timing and number of friends who were regular smokers was not significantly related to adolescent substance use. However, friend smoking explained more of the variation in substance use than pubertal timing. This indicates that having friends who smoke is more influential in predicting substance use than pubertal timing. These findings are important when considering the development of interventions to target adolescent substance use.
Adolescence is a critical period of growth and development when many individuals begin experimenting with substances, including cigarettes, alcohol, and illicit drugs (Johnston et al. 2008) . The teenage brain is still maturing, thus it is especially important to examine the effects of substance use during this developmental period. Regions of the brain involving executive function, attention, and memory have been found to develop extensively during adolescence and into young adulthood (Dahl 2004; Giedd 2008; Gogtay et al. 2004) . Studies have found that individuals who use alcohol and other drugs during adolescence exhibit lasting deficits in cognitive abilities such as learning and memory (Brown et al. 2000; Monti et al. 2005; Tapert and Brown 1999; Tapert et al. 2002) .
The association between substance use and mental health problems is well established. High rates of comorbid mental health problems have been reported in adolescents who use substances. For example, in a sample of over 1,500 adolescents, Rohde and colleagues (1996) found that more than 80% of adolescents with an alcohol use disorder also reported some type of co-occurring lifetime psychopathology. In particular, disruptive behavioral disorders (conduct disorder or oppositional defiant disorder) have been found to be highly comorbid with substance use disorders (Lansford et al. 2008) . Additionally, higher levels of externalizing problems and depressive symptoms are associated with more substance use (Costello 2007; Fleming et al. 2008) . Not only is the comorbidity of mental health problems and substance use problematic during adolescence, but adolescent alcohol and drug use have also been associated with increased internalizing symptoms in young adults, after controlling for concurrent substance use in adulthood (Trim et al. 2007 ). Additionally, conduct problems as early as ages 7-9 years are related to substance use in early adulthood (Fergusson et al. 2007) .
Moreover, substance use is often related to the leading causes of death among United States adolescents, including unintentional injuries, homicides, and suicides (Eaton et al. 2006) . Childhood and adolescent substance use can also disrupt normative processes important to positive development in this age group including physical health, school performance, and family and peer relationships. Therefore, adolescent substance use is among the leading public health problems in the United States. Its significance as a public health problem stimulates the need to improve understanding of the risk factors for early initiation and abuse of substances in order to inhibit the development of mental disorders, ensure optimal brain development, and prevent untimely death.
While some experimentation with substances may indicate healthy adolescent development (Baumrind 1991) , individuals with an early onset of substance use are at higher risk for later dependence and abuse (Grant and Dawson 1997; Hingson et al. 2006) . One risk factor for early substance initiation is the timing of puberty. Pubertal timing is a significant influence on depression, externalizing behavior, and self-esteem for both males and females (Ge et al. 2006a; Siegel et al. 1999) . Females may be especially vulnerable because they mature at earlier ages than males (Brooks-Gunn et al. 1985) . In particular, early pubertal timing in females has been associated with psychopathology and risk taking behaviors such as substance use in adolescence and young adulthood (Graber et al. 2004; Stice et al. 2001) .
Numerous studies have examined the relationship between early pubertal timing and substance use in females and found that girls who become physically mature earlier than their peers are at particular risk for substance use (Harrell et al. 1998; Lanza and Collins 2002; Wilson et al. 1994) . Notably, females with an earlier onset of menarche are at an increased risk of engaging in substance use earlier, more often, and in greater quantities than their later maturing peers (Dick et al. 2000; Stattin and Magnusson 1990; Tschann et al. 1994) . For example, in a sample of 966 seventh grade females, Lanza and Collins (2002) found that earlier maturing females were 3.3 times more likely than their on-time or later maturing peers to have tried cigarettes, alcohol, and marijuana, and been drunk.
The early timing hypothesis posits that early maturing girls face social pressures before their later developing peers because others view them as older and more mature. There is compelling evidence that females developing early may be more likely to socialize with older peers, thus placing them in more mature situations at a younger age (Caspi and Moffitt 1991; Petersen and Taylor 1980; Stattin and Magnusson 1990) . The association between early pubertal timing and higher rates of substance use in adolescent females may be due to their earlier introduction to substance using peers, therefore increasing the adolescent's opportunity to use substances. A second interpretation states that early maturing girls present with earlier substance use because they do not simultaneously mature cognitively or emotionally. Thus, they may be less capable to deal appropriately with the opportunities and pressures to engage in risk taking behaviors, such as the experimentation with substances.
In addition to timing of puberty, peer substance use is a factor contributing to the initiation of substance use in early adolescence. In a study by Dick et al. (2000) , earlier maturing girls were more likely to report that more of their peers drink, while later maturing girls reported that fewer of their peers drink. Having friends who engage in risky behavior is a prevailing and consistent predictor of individual risk behavior with peers and young adults similar across time in their cigarette use, alcohol use, binge drinking, and marijuana use (Andrews et al. 2002) . However, the perception of peer substance use may actually be more significant than actual peers' use. Among adolescents in the sixth, seventh, and eighth grades, perceived peer alcohol use was associated with initiation of alcohol, increased alcohol use, and increased marijuana use (D'Amico and McCarthy 2006) . Perception of peer use is thus an important factor in the initiation of substance use. Not only does peer use influence adolescent substance use, but having peers with positive attitudes towards cigarettes, alcohol, and cannabis use is associated with initiation of cannabis use in females (Agrawal et al. 2007) .
Perhaps even more significant than peers' substance use, friends' use has been shown to influence individual substance use. Close friends, more than friendship groups, have been found to influence the initiation of cigarette and alcohol use in adolescents (Urberg et al. 1997) . A study by LloydRichardson et al. (2002) identified that middle and high school students were 24 times more likely to become regular smokers if they reported that three of their friends smoked when compared to adolescents that reported no friends who smoked.
Cigarette and alcohol use tends to be concomitant in adolescence (Hoffman et al. 2001) . Thus, adolescents with more peers that smoke cigarettes may not only be more likely to smoke cigarettes, but may also be more likely to use other substances as well. D' Amico et al. (2006) found that perceived peer alcohol use predicted both increased alcohol and marijuana use, while perceived peer marijuana use predicted increased alcohol use in a group of middle school students. To our knowledge, previous studies have not examined whether perception of peer cigarette use may impact the use of other substances. Iannotti and Bush (1992) found that among early adolescents, perception of friends' substance use was a better predictor of adolescent use than peers' own report. In order to develop effective prevention programs for adolescent substance use, it is imperative that we understand the relationship between perception of peer substance use and adolescent substance use in this population.
In reviewing the literature, few studies have investigated the interaction between pubertal timing and peers' substance use on adolescent substance use. Ge et al. (2006) identified in a sample of 9-12 year olds that earlier maturing African American girls and boys were at a higher risk of using substances if they associated with substance-using peers. Similarly, Costello et al. (2007) found that, in a longitudinal study of males and females (69% Caucasian) who were 9-13 years old at enrollment, there was an interaction between early maturation and deviant peers' which increased alcohol use in both males and females. A third study examining a sample of 360 fourth and fifth grade boys and girls (92% Caucasian) found that the effect of pubertal timing on trying cigarettes was partially mediated by affiliation with deviant peers (e.g., kids who get into fights or lie) in girls only (Westling et al. 2008) . Thus, although association with deviant peers has been found to moderate the relationship between pubertal timing and substance use, these studies do not speak specifically to the influence of close friends or the smoking behavior of close friends.
The present study aimed to build on previous literature by examining the relationship between pubertal timing, number of friends who smoke, and substance use in adolescent females. On the basis of previous theory and empirical findings, we hypothesized that: (1) adolescents with earlier pubertal timing would use substances (cigarettes, alcohol, and marijuana) more than their later maturing peers, (2) adolescents who reported a greater number of friends who smoke regularly would use cigarettes, alcohol, and marijuana more than those who reported no friends who smoke, and (3) there would be an interaction effect between pubertal timing and number of friends that smoke on adolescent substance use.
Method

Participants and Recruitment
The data for this study were collected from the initial visit of a longitudinal study investigating moods, smoking, and bone health in adolescent girls (Dorn et al. 2008) . Participants were 264 female adolescents enrolled in age cohorts of 11, 13, 15, and 17 years (mean age = 14.9 + 2.2). Ethnicity was primarily Caucasian (62.1%) and African American (32.6%). The remainder (5.3%) reported other ethnicities or mixed race.
Potential participants were recruited from an urban teen health center and the surrounding Midwestern community. Participants completed a screening survey to determine the initial level of eligibility. Exclusionary criteria included 1) pregnancy or breast feeding within 6 months, 2) primary amenorrhea (> 16 years), 3) secondary amenorrhea (< 6 cycles/year), 4) body mass index less than the 1st percentile or body weight greater than 300 pounds, 5) medication or medical disorder influencing bone health, and 6) psychological disabilities impairing comprehension or compliance. Females were enrolled into the longitudinal study based on five previously defined levels of smoking behavior ranging from "never smoked" to "established, dependent smoker."
Procedure
The study was approved by the Institutional Review Board. Consent from the parent/guardian and assent from the adolescent were obtained. A Certificate of Confidentiality was obtained to assure confidentiality of the adolescent. The girl and her parent/guardian completed their portions of the study visit separately in the General Clinical Research Center at a Midwestern children's hospital. A trained clinician assessed pubertal stages by physical examination and recorded girls' self-reported age at menarche. Girls completed a smoking history questionnaire during study procedures as well as a diagnostic interview including substance use questions. The participating parent/guardian completed questionnaires about demographic information.
Measures
Pubertal Timing
Age at menarche was obtained through a clinician interview. Girls reported the age in years and months of their first menstrual cycle using prior methodologies to enhance accuracy (Dorn et al. 1999 (Dorn et al. , 2006 . Age at menarche was used to construct a pubertal timing variable. Early, on-time, and late maturing groups were created based on the sample distribution of age at menarche within Caucasian and African American girls in this study. Girls who were 1 SD or more below the mean (within their race) were coded as early-timing, and those that were 1 SD or more above the mean were coded as late-timing. All other girls were coded as on-time.
At Time 1, 210 (80%) of the sample had reached menarche, and thus had reported the age of their first menstrual cycle. For the remaining 54 premenarcheal girls, age at menarche was obtained from a subsequent data collection time point.
Thus, Year 2, 3, or 4 age at menarche data was used for the majority of the remaining premenarcheal girls. There were six girls who had not reached menarche at Year 1 but withdrew before the Year 2 visit, and thus could not be assigned to a timing group. At Year 4, there were three girls that had not reached menarche. However, based on their chronological age and using our stated criterion, they were placed in the latetiming group.
Substance Use Adolescent substance use was measured using the questions from the alcohol, marijuana, and tobacco modules in the Diagnostic Interview Schedule for Children (DISC), Version IV (Shaffer et al. 2000) . Research coordinators with prior training in the administration of the DISC completed the standardized interview via computer to the adolescents. The DISC is a structured interview to assess DMS-IV psychiatric disorders and symptoms in children and adolescents. It has demonstrated reliability and validity (Shaffer et al. 2000) . Three categories of use (never tried, experimentation, and use) were defined based on items from the tobacco, alcohol and marijuana modules. These categories have been used by previous studies to examine substance use in adolescents (Pajer et al. 2007 ).
Adolescent cigarette use Participants were coded into three categories: 0 = those who had never smoked cigarettes in their lifetime, 1 = those who had experimented with cigarettes in the past year (at least a puff, but not more than once a week for a month or longer), and 2 = those who were regular smokers in the past year (smoked at least once a week for a month or longer).
Adolescent alcohol use Participants were coded into three categories: 0 = those who had never tried alcohol in their lifetime excluding a sip, 1 = those who had experimented with alcohol in the past year (more than one but less than six drinks), and 2 = those who consumed alcohol in the past year (6 or more drinks).
Adolescent marijuana use Participants were coded into three categories: 0 = those who had never used marijuana in their lifetime, 1 = those who had experimented with marijuana in the past year (more than one but less than six times), and 2 = those who had smoked marijuana in the past year (6 or more times).
Friend Smoking
Friend smoking behavior was assessed by a self-report question, "How many of your three closest or best friends are regular smokers (at least once a week)?" Response options ranged from 0 (none) to 3 (all three). This question was developed for the present study and is similar to one used by Lloyd-Richardson et al. (2002) to assess peer daily smoking.
Control Variables
Sociodemographics The covariates included in the data analyses were age, race (Caucasian, non-Caucasian), and socioeconomic status (SES) (Hollingshead 1975) . These have been shown to be related to pubertal timing and/or substance use Harrell et al. 1998; Jackson et al. 2002; Johnson and Hoffmann 2000) .
Rule breaking behavior A proportion of this sample was recruited by smoking behavior, and therefore may be more deviant than other samples. To account for this we controlled for rule breaking behavior using a subscale from the Youth Self-Report (Achenbach and Rescorla 2001) . The rule breaking behavior subscale consists of 15 items which are summed and converted to a T score with higher score indicating more rule breaking behavior. Items include behaviors such as "I lie or cheat" or "I steal things from home." There was an internal consistency reliability of .81 in this sample.
Data Analysis
To examine the relationship between pubertal timing and substance use, a series of hierarchical linear regression analyses were completed. In the first step, the covariates (age, race, SES, and rule breaking behavior) were entered. In the second step, the independent variable, pubertal timing, was entered. This was done in three separate analyses with cigarette use, alcohol use, or marijuana use as the dependent variables. The acceptable significance level was set to p < .05 for all analyses. Similarly, hierarchical linear regression was used to examine the relationship between number of close friends who smoke and substance use. The model included entry of the covariates first (age, race, SES, rule breaking behavior) followed by the number of close friends who smoke entered as the independent variable. The analyses were completed separately with cigarette use, alcohol use, and marijuana use. Lastly, the interaction between pubertal timing and friends' smoking was examined by hierarchical linear regression. In the first step, the covariates (age, race, SES, and rule breaking behavior) were entered followed by pubertal timing and friends' smoking in the second step, and then the entry of the interaction term between friends' smoking and pubertal timing in the third step. An interaction effect was determined by the significance of the R square change between the second and third step.
Results
Descriptive Statistics
The means, standard deviation, and ranges of age, SES, age at menarche, and rule breaking behavior variables as well as the number of participants in each category of substance use can be found in Table 1 . For the pubertal timing groups there were 39 in the early group (15%), 175 in the on-time group (68%), and 44 in the late group (17%). Regarding number of close friends that smoke, 146 participants answered none (61%), 41 answered one (17%), 31 answered two (13%), and 23 answered three (9%). Correlations were computed between the primary variables of interest (Table 2) .
Substantive Analyses
Pubertal Timing and Substance Use
The main effect of pubertal timing was significant for alcohol use (β = .14, p < .05), after controlling for age, race, SES, and rule breaking behavior. The direction of the regression coefficient indicates later timing was associated with more alcohol use. However this association was not significant for cigarette (β = -.01, p = .88) or marijuana use (β = .04, p = .39).
Number of Friends that Smoke and Substance Use
Regarding the relationship between number of friends who are regular smokers and substance use by the adolescent, significant effects were noted for all three types: cigarettes (β = .45, p < .01), alcohol (β = .18, p < .01), and marijuana (β = .20, p < .01). The direction of the coefficients indicates that having more close friends that smoke is associated with more individual cigarette, alcohol, and marijuana use.
Interaction Effect between Pubertal Timing and Friends Smoking
Lastly the interaction between pubertal timing and number of friends who are regular smokers was not significant for any of the substance use variables (cigarette, alcohol, marijuana). However when pubertal timing was entered in the second step of the regression model for alcohol use, and friends' smoking in the third there was a significant R square change indicating that friend smoking accounted for a significant proportion of variance above that accounted for by pubertal timing (R square change = .02, significant F change = .002). Therefore although there was a significant main effect of pubertal timing (β = .14, p < .05), there was additional variance explained by friends' smoking.
Discussion
The purpose of this study was to examine the influence of pubertal timing and friends' smoking on female adolescents' substance use. We analyzed the relationship between pubertal timing and adolescent substance use, number of friends who smoke regularly and adolescent substance use, and whether the effects of pubertal timing on substance use were moderated by peer smoking behavior. The sample included primarily Caucasian and African American females. The results of the analyses showed that pubertal timing was significantly correlated with alcohol use, but not with marijuana or cigarette use. However, the effect of pubertal timing on alcohol use was in the reverse direction of our hypothesis. Girls with later maturational timing used alcohol significantly more than girls with earlier maturational timing. This is inconsistent with previous findings that support the early timing hypothesis (Caspi and Moffitt 1991; Stattin and Magnusson 1990) .
While this study did not find any early timing effects, the relationship between later maturational timing and increased alcohol use is consistent with an alternative theory, the maturational-deviance hypothesis (Petersen and Taylor 1980; Brooks-Gunn et al. 1985) . The maturational-deviance hypothesis suggests that adolescents who are off-time in the a for alcohol and marijuana 0 = no use,1 = used 1-5 times, 2 = used ≥ 6 times; for cigarettes 0 = no use, 1 = smoked less than once a week, 2 = smoked at least once a week for a month or longer; alcohol, marijuana, and cigarette use from the Diagnostic Interview Schedule for Children; SES = socioeconomic status; rule breaking behavior taken from the Youth Self-Report (T score) development-early or late-experience more distress than their on-time developing peers. The hypothesis postulates that girls who mature off-time may attempt to relieve their stress through deviant behavior, including initiation and use of substances (Brooks-Gunn et al. 1985) . Specifically in this sample, there was a significant relationship between only later maturing girls and alcohol use. Later maturing girls experience maturation at a time when most of their peers are in advanced stages of development. Thus, they may be more distressed and at an increased risk for substance use due to their off-time maturation. In this sample, the adolescents with later pubertal timing may try to behave in more mature ways, including smoking, drinking, and using marijuana, to compensate for their delayed pubertal development and added stress. The finding that later pubertal timing was associated only with increased alcohol use but not with cigarette or marijuana use may be due to the more prevalent and normative use of alcohol; in our society, recreational alcohol use in a limited fashion is often viewed as acceptable when safety issues are kept in mind. Conversely, anti-tobacco advertising focuses on the harmful health consequences of smoking cigarettes, and messages about marijuana spotlight the negative health risks as well as its illegality. In comparison to tobacco in particular, fewer media and health promotional messages are evident for the negative effects of alcohol. More public disapproval associated with cigarette and marijuana use may explain the insignificant associations between pubertal timing and cigarette and marijuana use. In addition to the more sociable aspect of alcohol use, alcohol may be easier for adolescents to access and conceal. Many parents may keep alcohol in the home more so than cigarettes or marijuana. Adolescents may have easier access from peers because alcohol is used in more of a social setting. Additionally, adolescents may choose to use alcohol instead of cigarettes or marijuana because it is easier to mask the smell and hide from authority figures.
The broad age range of this sample may have had an impact on the relationship between alcohol use and late pubertal timing. Older adolescents tend to use more substances than younger adolescents (Johnston et al. 2008) . Consistent with past research, in this sample older girls (15-17 years olds) were drinking alcohol significantly more than younger girls (11-13 year olds) (data not shown). Consequently, there was more variance in the older adolescents' use, increasing the likelihood of detecting a significant effect. This is the first time point in a longitudinal study; therefore it will be important to assess the substance use of this sample at a later time point when the younger participants may be experimenting with substances at higher rates and in larger amounts.
Additionally, the broad range in age of 11 to 17 years may explain the association between late timing and increased alcohol use. Pubertal timing may have less of an effect in late adolescence when drinking becomes more normative; early, on-time, and late maturing girls become more similar as alcohol use becomes less deviant. While only a small number of studies have examined the influence of pubertal timing in late adolescence, two influential studies found "a catch up" effect at later time points which weakened the relationship between pubertal timing and alcohol use. Dick et al. (2000) found that late maturing females between ages 16-18.5 "caught up" to their early and on-time maturing peers in their alcohol use. Similarly, Stattin and Magnusson (1990) no longer found an effect of pubertal timing on substance use in 25 year old participants at the final time point in their longitudinal study. As this study's sample encompasses early, middle, and late adolescence, we may be seeing an overcompensated "catch-up" effect by the late maturing girls. Additional research is necessary to examine the effects of pubertal timing on substance use in young adulthood and later in life.
The majority of studies examining pubertal timing and substance use used the measure of age at menarche to construct early, on-time, and late timing groups. There is evidence that constructing pubertal timing in different ways (i.e., national norms vs. sample distribution) can result in significant differences with the outcomes (Negriff et al. 2008) . However, multiple studies have used the sample distribution to construct timing groups and found early timing effects (Caspi et al. 1993; Ge et al. 2002 Ge et al. , 2006a . Therefore, it is unlikely that the differences in our findings linking pubertal timing to increased alcohol use are due to different measures of pubertal timing than used in previous studies Finally, while unlikely, this sample may represent a different generation of study participants than previously studied samples. Much of the data from previous studies on pubertal timing and substance use are from 10-30 years ago. Thus, the current study cohort may indicate a secular trend in change of perception or impact of early maturation on outcomes in more recently studied younger generations. Both the changing perceptions of societal expectations for physically mature adolescents, as well as the effects of an individual's own perceptions of their changing maturity may be different in contemporary cohorts than in past generations. Consistent with our second hypothesis, females who reported that more of their friends smoke regularly used significantly more cigarettes, alcohol, and marijuana. This study is the first to our knowledge that links the number of close friends perceived to smoke cigarettes to individual use of not only cigarettes but alcohol and marijuana as well. These results build upon previous research indicating that adolescents are more likely to become regular smokers if they report more of their friends smoke when compared to adolescents who report no friends smoke (Lloyd-Richardson et al. 2002) . With respect to alcohol, D' Amico and McCarthy (2006) found that perceived peer alcohol use predicted individual alcohol and marijuana use in adolescents; similarly, perceived peer marijuana use predicted increased individual alcohol use. In contrast to our findings, D' Amico and McCarthy (2006) determined that only personal use of alcohol and marijuana, not peer substance use, predicted onset of adolescent cigarette use. The findings of the current study indicate that having more friends that smoke cigarettes regularly significantly increases adolescents' use of not only cigarettes, but also alcohol and marijuana. Thus, perceived use of one substance by friends may increase the use of that substance as well as other substances in adolescents.
Finally, the interaction between pubertal timing and number of close friends who were regular smokers was not significantly related to adolescent substance use. However, an important finding was that friend smoking explained more of the variation in alcohol use than pubertal timing. Therefore, although there was a significant effect of later pubertal timing on alcohol use, more variance was explained by friend smoking. We expected there would be an interaction effect because friend influence has been shown to be a major indicator of individual substance use in adolescence (Andrews et al. 2002) and other studies have found an interaction between pubertal timing and peer substance use/deviance Ge et al. 2006b; Westling et al. 2008 ). However, our study is different in several ways from these previous studies. As mentioned, our cross-sectional age range is much broader than in previous studies. Second, a substantial proportion of our sample is African American. This differs from much of the literature on pubertal timing as they have primarily assessed samples of Caucasian adolescents. Third, our sample is drawn from an economically diverse area including urban, suburban, and rural areas. Thus, although we cannot generalize our results to the larger population of adolescents, we do have a more diverse sample than in many previous studies. Lastly, our measure of peer influence was that of close friends, which may be more salient than peer groups.
There are several limitations of the study that should be noted. First, friends' smoking was assessed through the participants' reports rather than through friends' reports. Previous research has found that participants tend to overestimate how similar they are to their peers in their substance use (Urberg et al. 1990 ). Due to this "false consensus effect" (Ross et al. 1977 ) peer reports of their own substance use may be a better measure of actual peer substance use than adolescent observation of their peers' use. However, previous research by Iannotti and Bush (1992) found that among early adolescents, perception of friends' substance use was a better predictor of adolescent use than peers' own report. The measure used in the present study was the adolescent's perception of their friends' smoking behavior which has been shown to be more influential than peers' actual use. Thus, perception of peer substance use is still a risk factor contributing to individual substance use.
This study was cross-sectional; thus we cannot ascertain whether it was friends' smoking behavior that was causing adolescents to use substances, or if there was a selection effect. There are similarities between adolescent friends that may have existed before they became friends, which may be what drew them together (Aboud and Mendelson 1998) . However, there are also social pressures operating within friendship groups; individuals feel compelled to adhere to the norms (or perceived norms) of the group to which they belong (Berndt 1996) . Thus, if an adolescent does not smoke before they become friends with individuals who smoke, this behavior may be central to the identity of the group and as a result the adolescent will feel more pressure to engage in this behavior in order to be homogenous with the group. Consequently, peer influence may not necessarily be overt; in one study of 16-17 year old girls 40% said they started smoking because their friends smoked, but said they did not experience peer pressure to smoke (Nichter et al. 1997) . In this study we were unable to tease apart these potential mechanisms, but we can say that friends' smoking is associated with adolescents' cigarette, alcohol, and marijuana use which is a novel result in the literature.
The accuracy of self-report of age at menarche may also be a limitation. Age at menarche is used in many studies as a measure of pubertal timing. However, some studies have found variability across time (1 year) of reporting the date of menarche as large as 18 months (Dorn et al. 1999) . Additionally, menarche is a late event in the process of puberty and thus cannot be equated to pubertal onset.
Recruitment by smoking behavior is another limitation of this study. The study sample may be participating in more delinquent behavior and substance use than the general population because they were recruited by smoking behavior; girls were recruited into five groups: neversmokers, initiators, experimenters, regular smokers, and established-dependent smokers. Specifically, towards the end of recruitment we targeted girls who smoked. However, it should be emphasized that never smokers were recruited as well. Thus, this sample cannot be generalized to other adolescent populations who were recruited in other ways.
Additionally, the impact of pubertal timing on substance use may be more proximal to the time when puberty occurs. If that were the case, the age range of the study sample may be too broad to examine pubertal timing because it encompasses three developmental periods of adolescence (early, middle, and late). Late adolescence is associated with more risk taking behaviors including experimentation with substances.
Finally, other variables beyond close friends' smoking could influence the individuals' substance use or the role that pubertal timing may play. For example, substance use of parents or siblings, parental monitoring, and neighborhood factors may influence the substance use of the adolescent. Our study was limited to examining close friends' smoking.
Nonetheless, these findings are important because the results can help us understand the potential individual contributions of biology versus social context in the development of substance use in female adolescents. This study found that later pubertal timing was significantly associated with more alcohol use. In order to target those most at risk for alcohol use, it will be important to examine subgroups of the population that consume greater amounts of alcohol as later maturing rather than earlier maturing females. Additionally, the current study extends our knowledge of the influence of friends on individual use of cigarettes, alcohol, and marijuana. While additional research is needed to understand the influences of pubertal timing and friend substance use on individual use, these findings extend research on the development of substance use and can aid in the prevention and treatment of adolescent substance use. Acknowledging the contribution of close friends' smoking substance use would be important for teachers and parents to be aware of so that such issues could be addressed.
Future research on the effects of pubertal timing should take into account using other measures of pubertal timing, like Tanner staging, to examine the impact of peer substance use on individual substance use. Other mediating and moderating variables, like parental influence, that may impact the relationship between peer substance use, pubertal timing, and individual substance use could also be examined. It will be especially important to study pubertal timing in females as they transition from adolescence to young adulthood to examine the effects on their lifetime substance use. Finally, the relationships between peer influence and pubertal timing could also be studied in a male population.
